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Abstract With the fast development of the domestic high speed railway, the very high running velocity of the
trains causes a series of aerodynamic problems, including the problems of the aerodynamic drag, the cross wind
effect, the train passing effect, the tunnel effect and the aerodynamic noise. It is very important to combine
various investigation technologies, such as the model testing, the real train measurements and the numerical
simulation to study the aerodynamics of the high speed train. This paper reviews the domestic and overseas

aerodynamics studies of the high speed train, and the development directions.

Key words high speed train, aerodynamics, testing, investigation techniques

3 & RN BRI S B4R

A AW | E MRt g (PRERERL 200kl WY, ZTEBLI 20k BB
K WA, e, wa Ty  T0% JiAi, isAT R I 300 km/h 1, BN EHL A
B H 5 RS SR A S 2 e s [ KBTI 85% LA L, B Ais ATk, BB e
SOCG  JE BE 0 AL L R, & T DG, BERERE, Bt se BEIE A

AT 2013-02-28 W,
1) E-mail: xjpcardc@163.com



2 VA S

S B 2013 4F ¥ 35 &

AR BLRF DA B BH . R RO B2 (1 500 G R
BTtk DR BN ER T, midsl)
RS BBE T TR 1) g SRS 0, A v B e vk
WAk, W R A I . BRI S B ek
P B4 E 2010 AERRRAG RIS GBI Wi
WO 40 2, WORIETAE 110 55, PRI RS IR A 2
1518 38 B P R S SR T VLT B S A A A
) AT HEATAS S5 ), K 70 P ZE AR 1R 2 1 7 A2 i Y
RS R b, X RBRIE . ZE N RE RIS
P, HEERF RIS T A e A R -1,
1M ., B 5 24T B R4 =, X s i R0 55 2
SE ™ R gk i B B T A A A i O 1 B
H DUPVURE" =k i I 1 Bk i 22 L. i
FFEHENBEIE, fHA3 5 IE 4 1) 28 S0 AR 2R BB
TR, 28 RRIE RE (1) SO AR AR RE, M AR A
ARSI, R BRI BRI (R PRATE A B S 1 e
IZAS BN Ty, FEm i ARG N e K P RF IE 5. mril
G| ANt s i R A1) A TR A i A R K o £ A
SR AR bR (218 S g AR 75 43 4 h g
Ay, rh S KA SN 3 RO Bl
Eb, o5 0 A A v () By, BE A e A
IBAT I AR A, B R AR A A G
HE N H RN R . B, b T seBlEs e
7424 PUd BPIEAIREE A LF ) H bs [, BF5CR
Y IR AR B Jy ), BAT AR IR X
RGN,

W R A 2 2 S8 1 2E i, H AT R 2R
F 5T TF B A B AL REG  SEAI 2 B fE v SR
BB oA D12l RS R A4 T i Ak [ Y AE
RSB R T TR AR, 0T A7
TE IR ) R A SR 1R R R AT TR, DU
X IX S AR R R 3, b FRIE A R S B )
TR TS 25 Ff

1 REKIEHE A

1+ 3 A7) A AR T 9 T B A KU A
5y SBRLAES . KR KRS e, G RE:
&N ) 2 TR

X R A AR T o, R R s )
RO i RN B AR B B 2 BSR4 A AH
LA, QA UFTARUAFR S AL JURTAR LTS
AR Dy i AL » T 3 2 RN AR, ¢ A5
RS I FE KA AR 2T AT AU LEAALE .
IR Pr MR SR Fr S5 ARALLAE ORI 51 4 52

Bris A7 IS A ). AU AHADAVEE ) 3 B L Re AH
L BEFER], WAALAAEAS BB, RIS 1 A
BEDCRIES 2 BRLX. AR S b T[] — A B A
DI, B S Re AN EREFARSE, R HUEG 1
S (BCE S A B IE) shrT LU B seprh 25 18]
i A TR RS K B ) A AR AR,
5 Re 51T 100, WA R (13 )il 45 R BE
Re IR MASACAR S, 1o B, k5 a5 R LB T
s [14-15],

MRAEWEFT H A A A, a1 40 Xl
R — B AR e A A e e, R
Hh E RS TR AR SR 25 e
U AU U AR R B ) AR
SRS A A AR P I BB B S
A RIS A R B A it JE 2 g FHL
Tt 16200 ARk BRI B RO AR e
BB S R A AL BT SR AR R T o Y
10 LSBT S e 91 4 3 AT 0 B 5 i 4545 1217221,

LI VBRI, FAT, s A )
TGRS I 5L VE B E AR RS IR (). &
i Hs I (W) 25 ) 5 R RNAL A I S B
R AP B e A I, DA R Ao s ) e Bl s
T3 A (16250,

FESEN 700 5 T, b T A S AR 1) P AR P
RAZNRI LG R 2028, I — EHA R AR
BB e A i SN T 9 5 v B A BEe y
T RIS S22 R AR 5. IR B, T
Ty AL 2 ) e T AR M AR e e v 55 A
BT I ZHER ] S 400y N VR T 5 A AN ] 3
FEGN AR AR B AR . H AR (A 5 =
PEM ARG« A2 X T BE ke S Sp s, it £
1 1M B8 2 DRI B 1 2~ A8 TR s AR K T
T BESE I A L WA ke TV R B 1 2
¥ slyal 18 SR [ e AR A 2 s sl B T A T v o R
2455 28 SRtokE, A IES A -y
EAH I AR SRR R OO 1 55 30 2o W ) 7 ¥ 9 Bk A T
JEALT- SN W] T AERERSI Ui, A4
AR R . T R R 2 R RORI A R
A5 25 G AR50 5 ) FEE S e 43 21 T Kl
m 1622 JRYNAE DNW  (Deutsh-Niederlindische
windkanzle) XGH KA 1:7,1:10,1:15 f1 1:25
I SR A1 rh T 2R g 218, %) ICE (inter
city express) fil TGV (train & grande vitesse) =i
PIEAE TR AL | R IR VLRI 5 e R A5 B 100 1 T JiE



o2

SR e e Ul K e PAE LR # N 230 3

BRI £ AN 0°~ 90° IRZ T I8 ) I iR Bk
FUo SRAT T AEA ] RGER P 1] AR KRS 5 AT <
B AR ER ISR A 1SS RE I, LAk ICE
TGV g e A2z A i 291, g
RAE 1 PR, RSSO0 R L (M
RIS ) 8 mx 6 m KT R S [ Py 5D
REREAT R LGS AR R 2 Ao g 2 L 22 K- ik
(G 2 TR 73 AT 6 AgmdLs 9 Frdndl
PASZ 3 ZEgmdtl (B KLEf) 1:6) SHRMRAT 5T, T i
ZE 118 AL 3 g4l o, 1% iR
SURRERNGER T — A0 SN~ v 1) 2R g 41 (1105
BOR, LITHTR 1 —90° ~ 90° Vi B 9 41 =il
Wz AR 1819,

(a) ALY TCE3 KR

B

(b) —TFZEGAN TGV RER AR
B BRI R 2 4 51 A AR TR 5

FERERU R R BT I, AR, BRAVAER I
ATy 21 RO TR T8, k) 5 )
MR BARAESN 2B W7 A T AL
A b, A IR i H T EAE KRR T
Jee i £ 22 [R] IR 42 5 I 500 NI s 3 R A s
Jyi e 0L B AR A B D P B 2. kS
T3 AR R i3 2 DLSE A 4 A8 e s
PN < ) 8 DI s g AR AR 2 A4 5 K 5 R 5 7 T

(a) FUAEAGER A By ) s o 9

(b) FUARERL A Ly et Pl s i 00

K 2 HAEAE AR i s ) 0 PR s

TE e A A R T i i 5 B oR Ty, H
A R AR E M s S g B E R 1
T K E P R SR AR AN IR R SRk e
B REMBERVEAN BoRiE O RERE). Hoh A
MORL R RV AR N Sk . MIBVE N 22 400 MHZik
T AWFITIA S 2 G50 < o3 B sl M g T s TR,
T 5 B s 2 U o [ AR T PRI PR
WG UL 22 ERIL R 22 AR R I K SRS
MR R IO (J2 0 e &), 7R
Wiy RS, H AT Ok TR T RN
(particle image velocimetry, PIV)~ -GfLEREF I . #4
RS (laser induced fluorescence, LIF). ¥t
73 F-WTE (laser molecule velocimetry, LMV) il Hs
RIZME (pressure sensitive paint, PSP) 4K, &
AT R PR R B g ) B0 Al A
AR A 20 1) 5 1 ks L S S T, sl
O AT A BB T B e 4mx3m AR K
(Ko lal N B R IR B AR (0, T DLEAT i
Wi, TR PIV AR -CFLERE D
BN A 4Ry T AT e . (B
s B AT B A AL A B RS A 0.4 mx0.4m K
IR T DA 4 2 B 8 R AL I R P AT 5 T SR A e
R L A AR e R I S A E
PRI 3 B 4 Fro.

(a) P4 R4 WA AR
K 3 FIARE R R i3 (i



S B 2013 4F ¥ 35 &

(b) FIZERFIA M ELLR (LM i)
K 3 FIEELR R A R (4E)

(a) FFEAER R R A RO BR R o

(b) FIZEAR IR AL A R A 2o
4 FIHERRR IR I R

TE s A1 ZE A RS B e 7S o T, H ARG
PG TR R T WY A S S G O
O Z DR XU REIEAT 108 4ilk. 3 Egmdd
() R A R T (R R 2 S SR | B B 2L | %
HL 5 PR L B R 2R AR . PSS E R B 7 2R
5, AR ERAE A W) T NI B gtk s
PEIAR L 2270 KUBEFIR . R ifiAE S 23, Harc
22 0 [ N R B R A T R T 22 ) s ) A A
RUAEAE A 1)< Bl s RS, 3RS T A
TR IS B R P

PEBNZERETRAT 25 Hs 3 RN B He 77 38 140 I 52 7
T, 7B 028 58 L A XTI SR FH 22 ] 45 i ] 1)
T3 F AR AR AN ) Sk B s 9 2 A8 45 s g g ade
1T, 20K 5. &3t 2 PR AR S 4
I KGRI 6] LU B, U AR 2 45 S
PIEME SIS U PEA L. BEIE K 3 0 & H AT

F BRI Ty VA ARSI A g A LKA
PR B 2R KIS ) 19 s T R AR A iE
BRI ARG ZR , Ik 5 1) ZE A R A YR K A o
P BOES (R K i B, SRAF SR A8 4k, TR
TGN Z ik B 1 s e i 81820, S R H Ay
AT 1979 A 1993 AR HIKREERE T T 414 i
BEIE [RS8l 2 L, 3RTT T AR 2 2% (i i) 4L
P A (53-35] R Al K2 (31320 R v KA
AL T I 500 ke (1) 7538 8 4 3k BE I )50 1)
B, AR T A NS R 5 — M s s i
B S5 AHRHZ B (0 TV A2 S AR, 1991 479 [
Derby ZkBEAFFT A0y B6-37) B T HIAS Bz 4 305 11
KIRBEFN S S Re B A AR 00 2 . 1% ' I A
RILLBIG 1025, 1 3 414K 150m [k, FI4H0
TR AR 300 km/h, AESCSAR B AT 25 A Bk i
W2 RN, HAEE Ozawa 55 B8 76 1)
BN e B, ARG S N3N 7, AL )
RS EILF] T 100m/s, KK 25m 1S
PRI, FI RGBS 5, RSBV S AW
31, NARUEILAEH A, A SR 8° MU CE. fif
== O] RS )BT L BB A R S S e B, SRS
SR I FN AR, B EGH E =i 78 500 km /b,
BB AR E Ry 10 m. [H PR FH S A AL 1) g AR
AT RO R AT KA, 2 il A A AR
RS e s, Hordr, Hhpg KA m A A g
L 1311998 4F 4 B 1 S A AR B0 4 R A e K
(1), FSUERAL RS, B4 B 164 m, WREAT 1116 ~
1:20 #itl, 3 ZEgmdl iz T 350km/h, HAJ
VA 2R R A K Sh A R ARG . AR BRI sl AH AL R 2
W I A 7 A AE B R 2R R 1 TJE 3 ) il
14T, B o S g S =Y
W ARNFRIRBIIN G, DS AZ 25 51 4 2 (A F 3 4=
L5 R RRIIREE (MuThi . BRI . 38 55 ARA%) B AR AR )
1B83)), HILSH R RN, SRkh T R RS TE i
B ARG I8 7)) B0-12), HRuG A E s 6. PpAC
T ARG rpny 14400 g 3T () e 46 43 AR A A A
RS e B (W B KRS T LUA R 100 m/s, F1 R
RIS R SFATIA 40 mm x 60 mmx 30 mm, A AIEAT
PHEN 20m. B4R T o e 48 s N R S e v
S, A H BRI 5 = A AR B RN, I A R T
VR PR AT R I S Hs ) R S R AR A, SR T R
R | B P JE LU S AN AT ST 2R b 454, A0
FNZEAEAN) 30T 1E R R 1 ) A< Bl 7 0 s ¢l
i, R E K 7.



o2 W SR e e Ul K e PAE LR # N 230 5

(c) MHBEER 2

6 RS BRI AR

HA 3 E, HartA b sl s F s
AT ERELL 300 km/h, BN FIEREETT S 4 5 mis
ATER RSN T 430 km/h, 1 HAEAEREH] ) =3k 51 4=
BT EWIL ] T 500 km/h. HFTE A LTS T

1 ORINRER, 2 JIGRIR, 3 WIAUEG AR LGS, 4 i AL,
5 ZRrhGiR, 6 IOARIEEs, 7 BRI, 8 MEALEEY, 9
22, 10 BRI
K7 74 AN A A R A R R

JE BT 0.3 R 5 4= R R X
WEIL, BT R i A e S AR AU T 0.3 1Y
AT ISR BPIRES N ISR MRS BT 9. AR
ARIEA R IS sV B A, KRS Re ALUSEE, ik
S B EAE AR AR, H R R 1 ide 21 %
IR BT 78 LT #S BE PRUESE AN BRL, ik 23
N BRI (ARG TR I, Bl R P B XGE f1 6 o 2%
AR, DA BEA BE 2D B o U 1 e 22

2 LEMNEHRAK

MR, SEANR AR B SRk
)RS NI B i1 S 1= a7 K o IR S 1AW b
A AR i I, DL R
Xof ] [ A B R0 4 K 4 o A (RSB R | AR i LA
LA R A4, S0, s i R R A 4
FEWIEIRAS « FEIE W AZ 2 5 AF A 2o RS S RS T
5 [41-51]

X R A A SRR B L P, H AR AE
LIk (I BLk) BuEk g b, RAsTHE
(2 AHEIEE, BRI B T2 BE 25 T B iy R Ak 38 7 20)
SR TSGR IR, I 5E N B 2 AN ] B2 T e A B
JMA. #% 10 km /h A4 B2 )RS 5 JF 5, BB FEH]
By AL BERIHC T (It 3k ) $e sl B s
R2BE Ty Ak P R L ) B R, AN SRAS A 421 S
ZjpH 7y B,

Hs 2 Rl s 9 PR 000 R A A7) 2 A
P AMU IR SEE) AT (0 % T B g U A& 1 ) i
PEE I AL, SR ) A A e Bl . 15K
R MR, HAT, f T ey e R 4
B G, R SRV OL T, AR 7RI s
S RENZE R R ME 0 SE () L DR, SE4RSRTH
Jis 2 0B AN BT R R i k. Sk T A A PR
WS ATE A, F AR LRI (1) i RS
RGNS BRSO AR 2 5 A1) X AR
TR 005 (2) 001 B P A B A Sk R 2 5



6 no¥ 5

b4
5

2013 4F ¥ 35 &

F I I AR AR PIAL, R R 1A -2 (1)
TG B /DA A (3) A R 2 A P P e 5 N
SRR, A RARE Ay AT R R SE AR T
5k &y s 2 A AR A S s g s, Ok T M E
TS R UG K00 s S R 3 R S, T A K s
O£l NFIER IR AT, H TR k3 s D) 4%
IR W 8515C-15 AU Fr N4 n) s ) A% I 4%
85108-2 72 [k A Mk 3l i J) A% g 45 R0 1Ry 11 = Ak 1)
WA EE, 20K 8, lild Focusll sh&fE 5
BT RISV V%, 58 BER s 1) R A b A
B (43.48] A B (R U 06 0T SR RN R[], AR IS BT
TN A Y 5 2 S G\ ) TR 45° SRS AR, DU
A8 B AR 4 5 R R KA T P BRI A 5, IF
SRR B VA R G i, M d MG s
S0 s A 5 5o ) A S N7 A 3 () S . S s ) e
22 IR IR BUE — AN GBI ] 6 TR H
DL b s 2545 IR AT iy T A s AT i R v i R
S, TR TR S R SRR R, P
A 1952 LT R A AR 25 Tk
T IREE A R 22 s RN e s B 2 vk
2 b ST I, SR I 2 B AR E T A S
T I RCR S bR % R TE R R P RSO — A
BB, BB RRIAE — A VORI S
VIR CRRAT Y BB 1 P A B JE 2, FH— BB /N
EVAN R 5| 2R R, TE il B2 0
B 9. U TPt 2 S 24 e st v Frg— N WL i)
R, 0 T T BRI RO IR A e, H AT CAR
B Ik AE AR A SRS (— A 3 R,
TR 151 140 sy ZEAELATE by i et A JRXS DU 45 TR 5 v 1)
BRI, FIoh, Km0 ) A
G AGAT] S 1 2 S 20 ) & R e R 3 AT T
FC, FEH T W R R B A AT 2% e 0 I B () SR A
U 1000 Hz, JEPEMFEI 100 Hz 53R KA S br
fr P AR

6.35mm

0.76 nun

i—l:f:

(a) Ikah & JitE%a% Endeveo 8515C-15

(b) RIS

8 kIR

e DI 14 |

N

9 fEiR % EHE

FNZEAE SR AS 2 S22 eyl i 1) — A T R
RULDL R AR i 32 SR T DA 250 S I 0 5 A 471
AEE BV AR RGN B [ A H AR 2R
TR 51 25 3 4T FL I e AR AR 5 1R 5 1%,
110 B A SEZE 00 5 L P-4 A VPRSI A3 1, oA
e, B 2ER B RER T —ERH IR R L, R4
AMCHIE R4 SRR S, g T iR
TR )

TEH 2 W% T8 25 430 7 2808 1 S0 7 1, H AR
1975 AFLE LLBHGB T 4R Is 47 I SE I Ik 7 v v ORI
THAEBIRG, ARG R T4 BT T K&
(L AR IR 9T, SR T RS Y O S g o
K LIERBII 2 R, SRR 5 18 % TGV
ZEAAE 300 km/h IE T 100 m? () RETE HAS
ST NEHT T LR, 193] T BEIE N s ) B
B R ) AR A R R TR B A P B R g
Ft e Uk I 18 8 D) R AR e B 1 42 S 8))
DI ) 5T, R K PUE LB LB
R S aG E 14598 A3 BiF 2005 AEAT 2007 AEHEAT
TR 200 km /h AT I BEIE S8 ) RN S 2R
IR (A REHIE) Iz Jort HE bR E =<8 1k
NESEZEARES, SRAF T A2 T B i R P S AU
D184k, JeBETE VUM « B P 514 X B d R
TR 2507 i3k i 2 LS4

XFFA AR A E AREHES D AR



o2 M [EP  P CR K S v DAL/ M s & N o3

HE VUREOWRE, TULR TR (— R AR |
LA BHRHREE) A5 EAE U, A5 BB )
FISRMCR 51 45 7 1R R ST T 0
B, SRR B A O BT R,
TR J R 10,

(a) LRSI AT A it (b) 45 4 mg il

B 11 F1 4 A ) S A

(a) IEJs3 (b) WAL For

K10 DR D G R B

X T R A R SR R B R i, 3 S
WAL FE R P B AL 2% (FEF) S 0T )
TEANI S Is AT B B e %, — e fERE
B ZEBITE U — o BRI AT AR R A P
B, P55 Gl P2 BB BOCR B e, N5
MUEAT J5 Ab B 54551 w381 4 S 42 I3y < 8l M 7
Mt 11, HA B fEg T 264142 BT T KR
SEZEME RS, TR A A IS AT I Y )
05 S HL MRS SKERE S | ZEAR B (4
EFEAE M 7 ) ZE AR S (e ) A 5 R 58
W) FNEE Mg s BHR TG A2 S Z TR
TR 52 HE 5 B A AR . A O PSS 25 AL B R ZE A
W75 G R 5 e, AT T ARG (PR R, ] 12
Pras. far 22 B KN HBFEFSUBE (The Netherlands
Organization For Applied Scientific Research, TNO)
1996 “EF| ] SYNTACAN f=24FE517k%, X TGV 4
ZELL 330 km/h [P P IS AT I (RO A EAT T, 4%
il T A R, EWIHERAR T TGV Rl s 4R 5
SRR 5 3 ATREAE. ] P o T 471 2/ B W 7
LI TN TR D A . TR B X
R VAR B PE 0 35 m AL IR B S g
AT T DR, WMt PR Y550 S B8t 75 o B 1 2 s 2
W7, SRAS T kb PR R [ BRI AIE. 2012 4F 4
Hy AbZERKGFRIE R 2 WA B2 =) RIS 80 ekt
RYIHEL 2 S 28I H AN (B LER) FIZEN I
SR IEAT T S2AE MG, 980 T Bk % A (&) HAERAAH
TE SRR P R e A AR A A, Nl 13. B 12 FIARTH) 2 e i




S B 2013 4F ¥ 35 &

(a) T3 HMHR I 75 I

(b) ZFJHT Py ES I )
Bl 13 VR B 2 5 LR 4 e

X TR A A A0 4 N, H TS AR A
IR XA A X AT I . A KR S
XL DA 2 i P = 1 < EE A R N i e
P NFRIE. HAZER 245 4 KA KT 9m /s,
BEE (AR AE N AR KT 11m/s, FeEHIE ) CRBE 200
2 HUBT B BR B 2 A BB VO AT E ) SR I B R
P AGAE SR AE ML 53 T REAR S (151 42 AN KT
14m/s 491,

3 HETERA

FERES 23 Dy A T o, BUE v
W VEE ). B b, AR RS 4R B )
IF) R T CAREAT BB VS VR A k. 3Lk
BB BIUBOAR I e e T ZARIAE LN J7 1 b3
BTSRRI TF R AN ], BB vk 5507 VR i SSedt A
SE, A RS BRI R e %

E RS A28 Dy A B v AR T, [
W R MBI B BT 32 2R ] A T 553 HT A
PR - E S5 R R A CFD (computational
fluid dynamics) AT, BN B BRI 114
X e A A3 S8 2 I R A R SR AR A R
O IF R WS3D (wide screen 3D) A8 vHH K
P, TR R B A A B B A A =4
I RSB AR = YEmsm B v AR,
VY AT IR 2 FE R BT — 4 ] IS 4 F AR A T e
FVRFAE 2 7 VA (W B T8 s ) Rt B2 [ Ah G 3k
KT CFD T SRS FLUENT,
CFX, PHOENICS, STAR-CD, ANSYS #l CFdesign
S5 BT (EA RN, AR BRI BUE T A
R H A VAT SRR AN R SRAFAE L
RZESE, T AR A0 S ) 45 e AT 30 (6,

A TS A2 B 1) R BB v S5, A LB 4R

Do BRFAER S, AR LR #) 300 km/h, LR
WRWEECERE T 107, W TmARE. WmRis)
I R B T 5 2 A — N A 19 BRI A L i)
AL ALK i A P BB AR v R FH P v A
YN 32K (1) HEAEEL =4SN Navier—
Stokes J7 FEXT I T H I EE 5. (2) Kimis
L. AR N-S R AN RS W, AH
VTN T, /NIRRT R P 55 10 30 3 AL P A
TSR, (3)Reynolds B35 77 FE i A . St
V)PS5 A& 1 20 4 B LRt 3 8 0 24
WA ) ) 2 g R (R I 3 2 40T
HAE B AR S e 7. %07 o HAiAE TR 1
AT B VI E N oA iz 0771 B8]

MR RE B E VR O RR 2, Hodam PR
If, HNHWE Z MR AR ZES L ARoeE H
BRARBUE R ek, Hop A PR 2 ik 24 L
A 320 S0 N AR A7 A — 8 IR, A7 RGBS
Tt L AR R A 0 ), A BRAR AR AT B O
TRV U7 AT AEOL A0 ek H i 52 7
15, TR ICIRAEFRTE NS 5 FE SR A N 52 211
KPR BRI, BR8240 & B 0 IE FE
H 117 [ Py AN AT — N P B () 7 v ) 1, X
8 B Ry B T S 7 — AN 55 07 1),

PR A I3 B AR T 1 D s 5 A A P A
ARSI, (H R TSR AR X S B 2%, 2R
ARG AL AR, T8 Sl 8 2 4L
VS, I T K 4 R A I A 0 A 45 R AL I A &5
BTG RO G ARG, BEXS 52 2 v S X A AT AT & Y,
PE, XA VEE IR ) 59, Sk R A A3 3
AR R 2 H S H AT Bl ) 8, A4
SR R 1), SR FH R A A BT VAT Bl A T
TEFITE B PR 1. 50 DA A 8 DR A PR %6 K 1
I FLE TP A BRI ™, T FE 9 K (i (], PR —
MR IR WS, 32 B R 0 1 4248 2 i () Ak
SRR A AV AN G 42 1 bR AT B A L. WS
WA R A JEIX S s B TR B0, 7075 M
(e T, A LA 0 o AR I i A R
BT MRS R eI T 2.6 124, f#13
AU HEZ HL 5 R 1) R AT S (1) S A= X 3 S B
T A R A AL R 43, O R B A A A RN DG A
(RIRE 41 A B AR BE e T .

EEXSANTT R4 N=S 7 PR B SR Al AEAEM
AN IR L s T AL I 1D 25 1550 v R s ) 11
[N TR e TR R A VAR T B e iR



o2 M

[EP  P CR K S v DAL/ M s & N o3 9

SR T o 20, XU QUICK %28, X
JE D BA B B RS L A, H AT B 2 B R
Je R IMEIEY:, s AR & SIMPLE 5%
N HABES9): SIMPLER, SIMPLEC #.y2:

TEX B ZE Bt I I s AR, P )it i A 1Y
H Spalart-Allmaras JLI7 AR k—e X7 FERBIAL
k-w X7 FEAEAYAT Reynolds N JJREAYZE, H Fi A H
) V2 TR I, ke—e XU FEABIARY (10,601

AN, ST 350 km/h, DA 0.3
(1) R A 4 S R B 5, H AT E A T
IR AR5 /D, JErp R AL A 1600 SR ke XU
D5 FE¥m AR YR SIMPLE SERHEA T 500 km/h
(AT B ZE I = 4 BTk W] R4 AR S I SE
WIHHAT THUEHE, 152317 8RR TF5 %
IS BNRFIE IS MR AR T 4 42 AT 4 I A X
AEL 300 km/hy ShFEGELE 0.3 ISR 8144
BV, H AT N S A S R A B A4
FUE RIS W AS BEARIEAT R A%, 1995 4 H A2 Fu-
jii, Ogawal®l] FIl Hwang, Leel62 34 PR 2% 40k
il B DEAE S I R =4 n] 5 4 Euler/Navier-Stokes
T, AFE) T HVEAS o B R ) A A RSB 1
Ak, HEEARCSE 1031, AT iess (64 23R B BR AR
LB WA FE AR F 4228 25 1) = Y ] R4 i 3 AT
TEEAL. BRSEH BT SR Reynolds i34 75 2
BRI RN h—e BT RENGIRAR AL, X =y 2 42 30 B
UL K I BE T bR B E NS AR LA, 43 k5 g s
AT RS AN T R 4 R R AT T LR, 49
T AR ZETTIA 24.6% M4,
4 B 2

I H ar a4 At Fs s BRI ik
gk, T HAR I E AP a2 4 is 8 i
T 300km/h, Rt —. FEAR KN SRR
R, Fdkaladtits DL “PUGADURE" A HESL ) ik 2k
SV NGRSt S eow= gLy S 5 I S 7 N K ST
B PTG FREE 5 B /N (1) i A7) 4o e FR ] vk
(R REfadh, B3 ah JFkin w , F1423 1)
DI R R A B

(1) BB mp s T e e RerEt. —
ST MR S ZE AR BT (BRARAS 23 F AR BE T Y
TR S S B TR A AN 5 T 3 58 e )
AT Z AR, R T S s 48 T g
TAC B AT 2yt K BT 25 PR S B, A 250N KR R %
LR 22 4 ) T 5. A KRR o, T

[SIpr0 7| Kol e Y: 7 9 U NN O 5 1Y/ 1B TS R
oL 12810 A G (60] itk e 166 By, JEIT R
FHDRF IR B 0T 1 22 A PEAE B 90 A5 14 2L

(2) M— DR AR TR Wit s fis
AT AW &, W ST R QDT L
RS R AR B . B I AT I R I e,
B2 BB K 4 AR AS AT TR 47 3 50 1)
O T R AR B AR, A T LSRR A 4
TEAT RS2 Br T, B e DR 3 A JOL 3k P8 A7 A S B
sk, HATE NEETT R 108 4ilk. 3 Edudl
TR ZE AR XU R PR T S e KA 250 km/h, 4
ME LI A2 350 km /h A A 5 B vy 5 1) vy T 41 A
R RR G 75 5K s @K JE mil A E g PR, A
WA B P BEAR I i A A0 Sk 8 (3 L 14),
DA TT e A A8 A2 T00 . 2 B 000 v AR 28 i I 32 e ) 28
Jil 23 B AE N RSB AN AR A IR B B 5 s D4
BB ARG « BRI AN S A, TR ik
FIZES B0 s FOBR S I (R e AR, DA B B (561
TR 485 e PRI 9, 44 ey e 1) 2 afe AR 7 3 P DL R
I8N L R 5 R 5

K 14 A AR LAY

(3) B mEUARBIRE ). IRATTRAYI s
1T IEE IR, KRR AT T e
TR BB T (T VAN BT, 5T I A
AR, 0 AN S R S B T vk A T
T FHE, s sz At MRS 5 5 T 5 45
A1, M4 R e 41 2 3 80 1) A v 5 R
7

5 45 &

AT AT R4 T N ] 4
EN N IR BR R, LRG0 HT T A & 0F5T
ST AE TR AN [R5 T R A AR B R A K
Koy SEAEIN G K v A T A BAR. AR e [ vy
BROHUR I, PE T AEW Mt sy 4ois



10 Ji ¥ 5

1‘:‘*—»

33 2013 4F ¥ 35 &

7 qe oy Nl PR Ry PRIV 5 N T PR G oY =i 0 K
BN IIEWT IR VA BE T FIEOR AR AE $ e BB v
S RE 7 3 0 A5 5 T it EEAN M 5 38 AN S (14 S B Al
W [ A RSB R T A S50
O 3 P e T A T 1K) A R B M R A1 (R B o
J 55

2 % x #

1 HLHE, @) %, 270kmh— m@ SIS DRI
BRiEFRI, 2003, 24(2): 14-18 (Tian Hongqi, Gao Guangjun.
The analysis and evaluation on the aerodynamic behavior
of 270km-h~1! high speed train. China Railway Science,
2003, 24(2): 14-18 (in Chinese))

2 Schetz JA. SIEFIGEZ 33 J)%. J1# R, 2003, 33(3): 404-
423 (Schetz JA. Aerodynamics of high speed trains. Ad-
vances in Mechanics, 2003, 33(3): 404-423 (in Chinese))

3 PHEEI—. B Al kR, SCOUE T2 g, [H oMk
B4, 2002, 39(3): 9-12 (Yi Tengshunyi. Improve the
pneumatic dynamics performance and realize high speed
on shinkanson line. Foreign Rolling Stock, 2002, 39(3): 9-
12 (in Chinese))

4 MARE. HAB TR R EES. EIMEEZ R, 2003,
40(4): 4-7 (Gang Benxiong. Trend of development of
shinkanson train technology in Japan. Foreign Rolling
Stock, 2003, 40(4): 4-7 (in Chinese))

5 Horiuchi M. E955 AU T4 w@id ik 4% (FASTECH360Z)
MER. [EAMKIE 449, 2008, 45(3): 12-17 (Horiuchi M. Gen-
eral description of the type E955 shinkansen high speed test
train (FASTECH360Z). Foreign Rolling Stock, 2008, 45(3):
12-17 (in Chinese))

6 BEVHE, ML, AN, B sl ) R A ST
. PIRHE KRS 244), 2003, 25(6): 101-105 (Liang Xifeng,
Tian Hongqi, Zou Jianjun. The wind tunnel test and nu-
merical simulation of longitudinal aerodynamic force of the
traction car. Journal of National University of Defense
Technology, 2003, 25(6): 101-105 (in Chinese))

7 SRR, R PR SR SR Y. SEBR R AR )14, 2007,
21(4): 27-31 (Cai Guohua. An experimental research on
aerodynamic characteristics of the high-speed passenger
model. Journal of Experiments in Fluid Mechanics, 2007,
21(4): 27-31 (in Chinese))

8 XUPKTE, ALE R, Ira v, HAF AR KRS0 KO SEFT. BI85
#, 2008, 30(1): 82-88 (Liu Qingkuan, Du Yanliang, Qiao
Fugui. Train-crosswind and strong wind countermeasure
research in Japan. Journal of the China Railway Society,
2008, 30(1): 82-88 (in Chinese))

9 ZFH]. ARSIy R KRB T T e ).
R M AU ATR K24, 2001 (Li Ming. Aerodynamic per-
formance test research methods of high-speed train in wind
tunnel. [Master Thesis]. Nanjing: Nanjing University of
Aeronautics & Astronautics, 2001 (in Chinese))

10 LR 4SS0, 8 1 R et wIEBkE Hi i, 2007
11 BRgERg. MRS Tk <8l & 1 R dest: spEER; T

12

13

14

15

16

17

18

19

20

21

22

At R, 2006

M. FVEAT 2 S B N . Bk ER S TR
#, 2004, 1(1): 83-89 (Tian Hongqi. Research and applica-
tions of air pressure pulse from trains passing each other.
Journal of Railway Science and Engineering, 2004, 1(1):
83-89 (in Chinese))

JAFY. RKBEIE . BRIERE 280 ) BN ST SN A [Tt
WX]. K¥: K, 2007 (Zhou Dan. Research on the
long tunnel and tunnel group’ aerodynamic algorithm and
its application. [PhD Thesis]. Changsha: Central South
University, 2007 (in Chinese))

FAEYE, YREZE, ZAR T, WOl A AR AR A A AR AIE
yHT. THREAS I R 24244, 2004, 39(1): 20-24 (Wang Xuey-
ing, Luo Jianjun, Li Lungui. Model experiment system for
high-speed trains and analysis of its similarity. Journal
of Southwest Jiaotong University, 2004, 39(1): 20-24 (in
Chinese))

FAEYE, w2 R A RS D R e
EZE R, 2003, 24(2): 83-87 (Wang Xueying, Gao Bo.
New development of the aerodynamics of high-speed trains
passing in and out tunnels. China Railway Science, 2003,
24(2): 83-87 (in Chinese))

YA R B | R YR (R S 11§ I P2 B R 18 e
KBNS HT, 2001 (Chen Li. Wind tunnel test report of
“Blue Rocket” high-speed train model. Mianyang, Low
Speed Institute of China Aerodynamics Research and De-
velopment Center, 2001 (in Chinese))

PUSHE, BRor. A KRR SRR 4RRH, T
&3 2= <80 15U, 2009 (Huang Zhixiang, Chen Li. Wind
tunnel test report of new style of high-speed train. Mi-
anyang, Low Speed Institute of China Aerodynamics Re-
search and Development Center, 2009 (in Chinese))
HERE, BRI, CRH3 Z)Z44H KRR SAR & . 4ibH, <3l ok
KB HIFIET, 2009 (Huang Zhixiang, Chen Li. Wind
tunnel test report of EMU CRH3. Mianyang, Low Speed
Institute of China Aerodynamics Research and Develop-
ment Center, 2009 (in Chinese))

PREAE. B REEE)E4] CRH3-380A UMK Y. 4
B, A8 ORI A8 I WEA T, 2010 (Huang Zhixiang.
Wind tunnel test report of new style EMU CRH3-380A.
Mianyang, Low Speed Institute of China Aerodynamics Re-
search and Development Center, 2010 (in Chinese))
HERE. IE 500 2 HLREEF A E) 2 KRR (1:8
B, A, SR =SB TSR, 2011 (Huang
Zhixiang. Wind tunnel test report of aerodynamics of
500 km/h testing train(1:8 model). Mianyang, Low Speed
Institute of China Aerodynamics Research and Develop-
ment Center, 2011 (in Chinese))

FORAE, BROL. WAV R 8 Ok x6 KRG . 4B,
KB MBS B ST, 2009 (Huang Zhixiang, Chen
Li. The 8 mx6m wind tunnel test report of maglev train
model. Mianyang, Low Speed Institute of China Aerody-
namics Research and Development Center, 2009 (in Chi-
nese))

TOEHE, BROL. KR EERAA 4= )Pk RE I KR IR T . 40



gH

2

SR e e Ul K e PAE LR # N 230 11

23

24

25

26

27

28

29

30

31

32

33

FH, SO S8 50T, 2010 (Huang Zhixiang,
Chen Li. The wind tunnel test report for the large wind
affection on aerodynamic characteristics of container train.
Mianyang, Low Speed Institute of China Aerodynamics Re-
search and Development Center, 2010 (in Chinese))
LI, B0 e B iy e <) I TR o
W4 1%5), 2003, (5): 40-45 (Tian Hongqi, Liang Xifeng.
Study of comprehensive aerodynamic perforce for “China
Star” high speed EMU. Electric Drive for Locomotives,
2003, (5): 40-45 (in Chinese))

E2A0, i, ROCEE. mridy 4Bkt BRI = RS ) AR
RISCIG S M. Tk 22 SE R S50, 2004, 18(3): 73-78 (Wang
Xueying, Gao Bo, Zhao Wencheng, et al. Aerodynamics
character model experiment analysis of high-speed train
going through tunnel. Ezperiments and Measurements in
Fluid Mechanics, 2004, 18(3): 73-78 (in Chinese))

AASCRE, wE, EARYESE. ml A AR B N T s
FRIERGRE.  IARBE B AR, 2004, 41(6): 16-19 (Zhao
Wencheng, Gao Bo, Wang Xueying, et al. Analysis of the
pressure wave variation generated by a high - speed train
passing through a tunnel. Modern Tunnelling Technology,
2004, 41(6): 16-19 (in Chinese))

Baker CJ, Jones J, Lopez-Calleja F. Measurements of the
cross wind forces on trains. Journal of Wind Engineering
and Industrial Aerodynamics, 2004, 92(7): 223-227
Suzuki M, Tanemoto K. Aerodynamic Characteristics of
train/vehicles under cross winds. Journal of Wind Engi-
neering and Industrial Aerodynamics, 2003, 91(1-2): 143-
147

W ] AR X A S BIEIIAR AR k. We B )\ 4
AR 33l ) 2 AR il 34k, )11, 2010 (Zhan
Peiguo. A review of overseas vehicle wind tunnel and aero-
In: The 8th Na-
tional Wind Engineering and Industrial Aerodynamic Con-
ference, Yinchuan, 2010 (in Chinese))

dynamic simulation testing technique.

European Standard. Railway applications Aerodyna-
mics-part 6: Requirements and test procedures for cross
wind assessment, BSEN14067-6, 2009

TEOR, . kR B N IR RS R, BRE AR
2003, (10): 50-52 (Ju Juan, Gao Bo. Visualization of air
flow field in the high-speed railway tunnel. Railway Engi-
neering, 2003, (10): 50-52 (in Chinese))

e Ot RFEEH, A BEIE AR D R AR HE S A
SRR, BB AR, 2000, 22(3): 43-46(Gao Pinxian, Yu
Nanyang, Lei Bo. Real time test on air pressure wave in
tunnel by shallow water table modeling experiment. Jour-
nal of the China Railway Society, 2000, 22(3): 43-46 (in
Chinese))

RPFARH, T, VPSR, oA R R R KRR
WFIT. PHRACIH K22224R, 2004, 26(2): 52-55 (Yu Nanyang,
Lei Bo, Xu Zhihao. Shallow water simulation experiment
and study of pressure waves produced when a high speed
train enters a tunnel. Journal of Southwest Jiaotong Uni-
versity, 2004, 26(2): 52-55 (in Chinese))

Suo M, Jacobs PJ. Hydraulic analogy study of waves in

34

35

36

37

38

39

40

41

42

43

44

45

46

tunnels. PB173657, 1966

Mills JM, Wlson DG. Study by hydraulic analogy of the
passage of high-speed trains through tunnels. PB176922,
1967

ARNE =58, BRIFEIA. X ) 257 BRI s AT I R 778
R SZBRTSY. BRI EM, 1994, (50): 1-9 (Kikawada Ichiya,
Morii Sunji. The experiment investigation of pressure
change of super high-speed train running in tunnel. Trans-
lator Reference of Tunnel, 1994, (50): 1-9 (in Chinese))
Johnson T. 1/25 scale moving model tests for the
TRANSAERO project TRANSAERO symposium (tran-
sient aerodynamics railway system optimizations). Paris,
France, 1999

PoPe CW. The simulation of flows in railway tunnels using
a 1/25th scale moving model facility. In: Proceeding of the
7th ISAVVT, London, 1991

Ozawa S, Tsukamoto K, Maeda T. Model experiments on
devices to reduce pressure wave radiated from a tunnel.
RTRI, Japan, 1976

Dewolf WB, Demmenie EAFA. A new test facility for the
study of interacting pressure waves and their reduction in
9th ISAVVT,

tunnels for high speed trains. In: Proc.

Aosta Valle, 1997
KIKA. IR ZELERETE 1 2 2 B Bl R 9. (i
). B PURACIE K, 2010 (Guan Yongjiu.

namics research on two high-speed trains passing through

Aerody-

in tunnel. [Master Thesis]. Chengdu: Southwest Jiaotong
University, 2010 (in Chinese))

W, Wi, MR JIEREA %, T EBER
2%, 2000, 21(3): 44-57 (Huang Wenying, Yang Ningqing,
Huang Min. Ponderation on railway train basic resistance.
China Railway Science, 2000, 21(3): 44-57 (in Chinese))
e, WAL, FiE LLbRIE 2 R ) SBR[ T
M. K2R, 2008, 38(2): 326-332 (Han Kun, Tian
Hongqi. Research and application of testing technology
of aerodynamics at train-tunnel entry on special passenger
railway lines. Journal of Central South University, 2008,
38(2): 326-332 (in Chinese))

WRar. TR 4R ks I 0 AR e . 4R, Bl TP kiR
53015, 2008 (Chen Li. The report of pulsant sur-
face pressure measurement on maglev-vehicle. Mianyang,
Low Speed Institute of China Aerodynamics Research and
Development Center, 2008 (in Chinese))

FHELHE, fTihh. BIAEAs 2 I DI s e B8 3R 0 #r . BRI 43,
2001, 23(4): 17-20 (Tian Honggqi, Lu Zhizhong. Influence
of various factors on air pressure pulse from trains passing
by each other. Journal of the China Railway Society, 2001,
23(4): 17-20 (in Chinese))

XUSELT, HEHE, SR8, BRIl R 728 ST, 25 338)
12244, 2008, 26(1): 42-46 (Liu Tanghong, Tian Hongqi,
Jin Xuesong. Experimental study of full-scale train on
aerodynamics in tunnel. Acta Aerodynamica Sinica, 2008,
26(1): 42-46 (in Chinese))

PEOVHE, BRMER. IS R T B R s R 5% PR
2P, 2004, 35(5): 810-814 (Liang Xifeng, Chen Yanrong.



12 Jioo 5 g Bk 2013 4F 5 35 &
Influential factors of measuring air pressure pulse produced 56 Kurita T. & id5 514 FASTECH360 1R L. [E Mgk

47

48

49

50

51

52

53

54

55

by passing trains. Journal of Central South University,
2004, 35(5): 810-814 (in Chinese))

MR, ZOE, REANES. IR N RSB DA 2 s T i8¢
SEIRFST. SRR A F12, 2008, 22(2): 56-60 (Yang Mingzhi,
Yuan Xianxu, Xiong Xiaohui, et al. Experiment study
of pressure pulse caused by trains passing each other on
Guangzhou-Shenzhen railway for the sixth speed-up. Jour-
nal of Experiments in Fluid Mechanics, 2008, 22(2): 56-60
(in Chinese))

WRar. b WRETE SOl A 2R A SR BN A R R . 2R,
g A8 JIHF 5T HT,2004 (Chen Li. The report of
air pressure wave and train wind measurement on Shanghai
maglev-vehicle. Mianyang, Low Speed Institute of China
Aerodynamics Research and Development Center, 2004 (in
Chinese))

PEOVRE. SEFRRIN AR ) ATRE BN, BRE 4R, 2002,
24(3): 95-98 (Liang Xifeng. Research on test technique to
measure air pressure distribution on external surface of real
train. Journal of the China Railway Society, 2002, 24(3):
95-98 (in Chinese))

SRR, BEJEE. ME R A AT ) o0 AT SE T B
TEZE4%, 2000, 38(10): 14-16 (Zhang Bin, Liang Xifeng. Test
and research with cars for measurement of surface pres-
sure distribution on qua si-high speed trains. Rolling Stock,
2000, 38(10): 14-16 (in Chinese))

M. RS ESSE) S 2E . Agilas i TR R,
2006, 6(1): 1-9 (Tian Honggi. Study evolvement of train
aerodynamics in China. Journal of Traffic and Transporta-
tion Engineering, 2006, 6(1): 1-9 (in Chinese))

XSLL, WAL, ANIFSMEF 7R B 8 S 2R 0 1 LR oy #r.
W B R, 2008, 29(1): 51-55 (Liu Tanghong , Tian
Hongqi. Comparison analysis of the full-scale train tests for
trains with different shapes passing tunnel. China Railway
Science, 2008, 29(1): 51-55 (in Chinese))

Peo)e, IR . B B S s AR A S U R
WEFE. B ANLE SIS 44, 2003, 26(5): 15-16 (Liang Xifeng,
Wu Chuantian. Air pressure test in the carriage of “China
Star” high-speed EMU. Electric Locomotives & Mass Tran-
sit Vehicles, 2003, 26(5): 15-16 (in Chinese))

RPRGE, BT, NS R B TR T G 7S TR 23 H
[ 5% K2 244], 2005, 33(6): 768-771 (Zhao Yueying, Sheng
Shengwo, Liu Haisheng. Measurement and analysis of noise
from running maglev systems. Journal of Tongji Univer-
sity, 2005, 33(6): 768-771 (in Chinese))

SRIUFIE, W MR, JUAL. WTTHIIE 51 2 A SR S
9%, PRBh 5, 2010, 29(11): 83-86 (Zhang Haibin, Jiang
Weikang, Wan Quan. Experimental investigation on noise
radiation characteristics of an urban transit train at moder-
ate and low speeds. Journal of Vibration and Shock, 2010,
29(11): 83-86 (in Chinese))

57

58

59

60

61

62

63

64

65

66

T, 2010, 1(1): 14-18 (Kurita T. Efforts for noise re-
duction on FASTECH360 high speed test train. Foreign
Rolling Stock, 2010, 1(1): 14-18 (in Japanese))

GRS 9 A 2 I BB AT S 5 I A [ i8
). dbxt: JERTASIE K%, 2007 (Qiu Yingzheng. The numer-
ical and experimental investigation on crossing air pressure
pulse by passing high-speed train. [Master Thesis|. Beijing:
Beijing Jiaotong University, 2007 (in Chinese))

AR, R s B R T, [R5, e Ve
AWK 22, 2008 (Tan Shengen. The analys of aerodynamic
characteristics of the high-speed train under sidewind.
[Master Thesis]. Chengdu: Southwest Jiaotong University,
2008 (in Chinese))

FZRBt. CFD B (7 FURBEE AR ST AL il 5 7 41 b 15
UF. [MAies]. Kik: KIERLE K, 2006 (Wang Dongping.
Technology research of creating CFD models and its veri-
fication in high speed train. [PhD Thesis]. Dalian: Dalian
Jiaotong University, 2006 (in Chinese))

B, W SR AR IRON TR B A SR R
miy. P EEIERNY:, 2007, 28(2): 65-70 (Bi Haiquan, Lei Bo,
Zhang Weihua.
characteristics of high-speed maglev train. China Railway
Science, 2007, 28(2): 65-70 (in Chinese))

Fujii K, Ogawa T. Aerodynamics of high speed trains pass-
ing by each other. Computer & Fluids, 1995, 24(8): 897-
908

Hwang J, Lee D. Numerical simulation of flow field around

Effects of natural wind on aerodynamic

high speed trains passing by each other. American Institute
of Aeronautics & Astronautics, USA, 1999

ERHERL, FR, TR LA YR BT T s D R v S
I8, RS, 2006, 24(2): 213-237 (Bi Haiquan |, Lei
Bo, Zhang Weihua. Numerical study of the pressure load
caused by high-speed passing maglev trains. Acta Aerody-
namica Sinica, 2006, 24(2): 213-237 (in Chinese))

FHZLHE, SRR, B4 A8 o s Dy il = e vk 5. ki 27l
2001, 23(3): 18-22 (Tian Hongqi, He Dexin. 3-D numerical
calculation of the air pressure pulse from two trains pass-
ing by each other. Journal of the China Railway Society,
2001, 23(3): 18-22 (in Chinese))

LT, RT L, RSB S A RN AT BN AR B A
P BUEBAURT T, ZRIENLZE 449, 2008, 28(3): 14-18 (Dong
Yanan, Xu Yugong, Qiu Yingzheng. Numerical simulation
of the aerodynamic behaviors of a high-speed train travel-
ing on the bridge. Railway Locomotive & Car, 2008, 28(3):
14-18 (in Chinese))

FFY, Mg, GIE%E. KRR R LIS R is s E s
REM M. ZTimis i TRE244), 2007, 7(4): 6-9 (Zhou Dan,
Tian Hongqi, Lu Zhaijun. Influence of strong crosswind
on aerodynamic performance of passenger train running on
embankment. Journal of Traffic and Transportation Engi-
neering, 2007, 7(4): 6-9 (in Chinese))

(Frrrspsk: ¥ %)



